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extend the above approach to thermoplastics to take advantage of the shorter fabrication cycles, increased toughness and repairabil-ity, and recyclability of scrap. However, the relatively high viscosity of thermoplastic matrix materials makes the wetting and impregnation of fiber bundles difficult, so that new manufacturing concepts are required to make these AEMs commercially viable.
Blend or alloy polymers, liquid crystalline polymers, and short-fiber reinforced thermoplastics are characterized by inability to control their microstructures during manufacture and processing into components. This situation is attributable in part to lack of understanding of the interrelationship between the materials' thermal and deformation history and their microstructure. Increased understanding in this area is essential for the invention of new processes and control mechanisms.
The sensitivity of specific properties to a material's micro-structure also makes it difficult to predict resultant properties, even when the properties of the components are well known. Although this problem is most severe for ultimate properties, such as strength and elongation to failure, and for endurance properties, such as creep and fatigue, even the small strain properties, such as elastic moduli, are difficult to predict, particularly for design purposes.
Metal-Matrix Composites
Forming parts from metal-matrix composites (MMCs) customarily involves adapting methods that originally were developed for monolithic materials. Powder metallurgy and liquid/slurry casting, the two principal adaptations, are at best compromises that reflect constraints and options that include required performance, relevant properties, ease of process adaptation, and cost.
MMCs involve engineered macroscopic and microscopic arrays of two or more phases or materials that may not be in ther-modynamic equilibrium, which often leads to interfacial instabilities. The result is that interfacial structural and chemical changes can occur rapidly in critical temperature-time conditions. In addition, neither property requirements nor processing methods are fully understood in relation to the detailed macroscopic and microscopic configuration of the multicomponent array and with the interfaces between the components in the array.
These considerations translate into several major concerns that must be resolved if MMCs are to become a major option for a broad range of manufactured products.